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SpaceX 

celebrates 
another successful 
satellite launch, 
Hubble images a 
galactic crash and 
InSight snaps a 
Martian selfie 


The the of 
everything 


Have we figured out how the 
universe's fundamental forces 
fit together? 


Future of 
Moon landings 


Draper Laboratory reveals more 
brand-new race for 
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the Great 
Attractor? 


The mysterious force dragging 
the Milky Way and g galaxies 
towards it 
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Your essential guide to China's 
mest powerful rocket 
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discovery 


The tantalising evidence for a 
Neptune-sized alien moon 
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Jeff Bezos reveals his motives for 
retuming to the lunar surface 


Music of 
the stars 


Seismic waves unleashed by the 
forces inside stars are revealing 
secrets of stellar interiors 


SABRE rocket 


The air-breathing rocket 
set to revolutionise exploration 


NASA 
scientists: 
have they 
made alien 
DNA? 


It's what's on the inside that 
really counts when working out 
what alien life looks like 
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shadow of night creep 
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what NASA astronaut 
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was treated to while on 
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due to the Space Station's 
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iene te Sad 
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in sunlight in order to 
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panels, the astronauts can 
look on as the Earth below 
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URC eee eT 
Mars Reconnaissance 
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today, hopefully with some 
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A galaxy of ice and fire 


Spiral galaxy Messier 100 was recently imaged by the Atacama Millimeter/submillimeter Array (ALMA) in Chile, 
revealing a host of blue and red spots - young and old stars. As some stars burn bright in their early age, the 
eRe he Se DUG Cac Lee ele 

The diversity between the young stars bursting with brightness and the older stars gradually fading with 
Bree RC Rede Cee eRe ee ee ee Bees a Ceram Ce ea 
dynamics. Unfortunately the data just isn't high-resolution enough to delve any deeper into the mechanics of it. 
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dozen members of its Starlink broadband 
constellation to low-Earth orbit (LEO) 
using one of the company’s Falcon 9 
Tela CMe a Memes em Com alge (eRe lg la 
connectivity to people around the word, and it will 
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Starlink won't be able to provide ‘minor’ coverage 
until about 400 spacecraft are up and running, and 
moderate’ coverage requires about 800 operational 
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altitude of 550 kilometres (340 miles) - low enough 
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to deorbit them intentionally. "| think we've got a real 
solution for making sure that we do not create orbital 
debris,” he said. “And, worst-case scenario - the good 
eet eM EE ste) t ig wee eo 

SpaceX isn't the only company with eyes on a 
LEO broadband constellation. OneWeb, Telesat and 
ECPM | ie tor Met Rema asd cy 
ee ae eee) eel Ce 

yi er ee Mee ee a ene 
to help humanity colonise Mars, SpaceX hopes to 
use Starfink revenue to fund the development of 
Starship and Super Heavy, the spaceship and rocket 
bE UC REM ace e es oe meme 
ge latoiae tse e[ cs te 

eae eae ciple Mee |male eee Ril 
stage had already flown twice. It launched from Cape 
Canaveral Air Force Base in Florida, with the booster 
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Hidden winds on Jupiter may be 
messing with its magnetic field 


Words by Rafi Letzter 
upiter’s magnetic field has changed challenge Kimee Moore, a Juno scientist at Harvard and 
since the 1970s, and physicists have proved lead author on the paper, said in a statement. "Having a 
it. In a paper published 20 May in the baseline of close-up observations over four-decades long 

journal Nature Astronomy, a team of researchers provided us with just enough data to confirm that Jupiter's 
looked at magnetic field data from four past missions magnetic field does indeed change over time” 
to Jupiter - Pioneer 10, which reached Jupiter in 1973; The question raised was what caused the changes to 
Pioneer IL which reached Jupiter in 1974; Voyager 1, happen? What's going on in Jupiter's dynamo? 
which reached Jupiter in 1979 and Ulysses, which The researchers looked at several different causes of 
reached Jupiter in 1992 magnetic field changes. Their data most closely matched 

They compared that data to a map of the planet's the predictions of a model in which winds in the planet's 
magnetic field produced by the spacecraft Juno, which interior change the magnetic field. 
conducted the most recent and most thorough probe of “These winds extend from the planet's surface to over 
the giant planet. In 2016 Juno orbited very close to Jupiter, 3,000 kilometres (L860 miles) deep, where the planet's ] 
passing from pole to pole, gathering detailed gravitational interior begins changing from gas to highly conductive UNIVERSE | 
and magnetic field data. That allowed researchers to liquid metal,” the statement said. <== as — 
develop a thorough model of the planet's magnetic field In truth, researchers can't see that deep into Jupiter, so 
and some detailed theories as to how it's produced. the depth measurements are really best estimates with 

The researchers behind this paper showed that data several uncertainties, the researchers wrote in the paper. 
from those four older probes, though more limited as each _—_ Still, scientists have robust theories to explain how the 
of them just swung by the planet once, didn’t quite fit winds behave, 
with the 2016 model of Jupiters magnetic field. "They are believed to shear the magnetic fields, 

“Finding something as minute as these changes in stretching them and carrying them around the planet,” the 
something so immense as Jupiter's magnetic field was a statement said. 


A star in the Big Dipper is an alien invader ene 


Words by Mindy Weisberger fa : eal A; 


to clues in its chemical fingerprints. The star’s chemistry 
is unlike that of all known stars in the Milky Way, and 
instead has more in common with stars in nearby dwarf galaxies. 
Researchers suspected that the stellar oddball, named 
J1124+4535, originated in a dwarf galaxy that collided with the 
Milky Way long ago. According to that theory, when the dwarf 
galaxy fell apart it stranded this star in our cosmic neighbourhood. 
The star was first discovered in the constellation Ursa Major 
in 2015 by the Large Sky Area Multi-Object Fibre Spectroscopic 


rN star in the Big Dipper is an intergalactic alien, according 





\ i Telescope (LAMOST) in China, Higher-resolution images were 
‘ captured in 2017 by the Subaru Telescope in Japan. Spectrum 
: readings from the star revealed that it was low in metals 
a) such as magnesium but had unexpectedly high levels of the 
; - Sear Weenie inc} 
heavy element europium, an element ratio that was unique in aan 
sh comparison to other Milky Way stars. Analysis of J1124+4535 PT TER ee 
_ provides “the clearest chemical signature” of the ancient galaxy neighbours € 


mergers that shaped the Milky Way long ago. 
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New details of dwarf planet 
Haumea’s elusive ring revealed 
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“Although astronomers have 
pretty solid evidence, no one 
has observed the ring directly” 


In 2020, NASA will send living things to deep 
space for the first time since Apollo sic: mice wan 


ASA is getting ready to launch living creatures 


to deep space for the first time in nearly five 


decades. Agency engineers are putting together 


a briefcase-sized spacecraft called BioSentinel which 
will carry yeast cells into orbit around the 
Sun to help scientists better understand 
the radiation environment beyond our 
planet's protective magnetic bubble. 
BioSentinel is one of 
13 cubesats flying aboard the 
Artemis 1 mission, which is currently 
targeted for mid-2020. That's 47.5 
years after NASA last launched 
organisms beyond low-Earth orbit 
- the Apollo 17 astronauts, who reached 
the moon in December 1972, were the 
last - the last organisms launched on purpose, 
anyway: a few hardy microbes stow away on every 
robotic planetary mission. 
“This is new territory,” Kimberly Ennico Smith, 
an astrophysicist at NASA's Ames Research Center, said 
during a tour of the Silicon Valley facility this 
past March. 


The 14-kilogram satellite will carry two 
different varieties of the yeast Saccharomyces 
cerevisiae: the normal ‘wild type’, which is quite 
radiation resistant, and a mutant type which is 
much more sensitive because it can't repair its 
DNA nearly as well, 
BioSentinel team members will 
monitor the growth and activity of both 
varieties during the cubesat’s time in 
deep space, They'll do the same with 
identical yeast payloads transported 
to the International Space Station, 
a Microgravity environment with 
much lower radiation levels. 
Scientists will also 
track Saccharomyces cerevisiae growth 
in two places here on Earth, Ennico Smith 
said: Ames and Brookhaven National Laboratory 
in New York. At Brookhaven scientists will expose the 
yeast to a high-radiation environment, Taken together, 
the data haul should help the team tease out which 
effects are due to radiation and which result from 
microgravity or other factors. 
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Words by Charles Q. Choi 


uch remains hotly 
debated about sub- 
Neptunes, such as how 
they formed, Their compositions 
Temain unknown, and 
understanding them could help 
shed light on exoplanets’ origins 
Previous research suggested 
that sub-Neptunes were either 
gas dwarf planets with rocky 
cores surrounded by envelopes 
tich in hydrogen and helium. 
or water worlds with liquid 
and frozen water in addition 
to rock and gas. To investigate 
the make-up of sub-Neptunes, 
scientists ran simulations of 
planetary growth to see what 
scenarios might best explain 
the masses and diameters seen 
among exoplanets so far. 
Knowing the mass and 
diameter of a planet can help 
astronomers estimate its average 
density, and simulations of 
planetary growth can help reveal 
whether compositions of gas, 
Tock, ice or water might best 
explain these densities. 
Researchers found that sub- 
Neptunes are more likely to be 
water worlds than gas dwarfs. 
They suggested that each sub- 
Neptune is at least 25 per cent, 
and possibly more than 50 per 
cent liquid or frozen water by 
mass. In contrast, Earth is only 
0,02 per cent water by mass, 
It remains a mystery why 
our Solar System lacks planets 
between Earth and Neptune in 
size, and why systems that 
Kepler has seen often have more 
planets closer to their stars than 
our Solar System does, Solving 
these puzzles might help shed 
light on haw systems form. 


Sub-Neptunes are more likely to 
have a watery composition 
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“General relativity says that the cosmos is 
made up not of three-dimensional space, 
but four-dimensional space-time" 
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already know about the universe, 
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The theory of everything 





Physicists have been able to combine quantum 
mechanics with special relativity, but caries 
it with the general form of the theary de 
seem to work. That's why theoretical phys 
around the world are trying to come up with what's 
known as a theory of quantum gravity. Depending 
on the solving quantum gravity by itself 
might not be a theary of everything - but it would 
certainly be a big step towards one. 

The most well-known idea to bring these two 
seemingly incompatible theories together is string 
theory. String theory is not just trying to bring 
together quantum mechanics and general relativity, 
but provide an entirely new way of looking at 
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“My hope is that in the future the two 


theories will converge eventually, at least 
certain aspects of them” sorge puttin 


earliest version, called bosonic string theory, needed Loop quantum gravity on its own wouldn't 
26 dimensions. Later came superstring theory, unify the four fundamental forces, and so it 
which would need ten dimensions. Then a third wouldn't be a theary of everything. “Our focus 


























version, called M-theory, brought several types of tight now is on trying to u inderst and gravity by 

superstring theory together in 1] dimensions. itself, mostly,” We're not so concemed 
Another wi loop quantum gravity, is tryingto about unifying a ‘hans.’ 

combine general relativity with quantum mechanics An intriguing possibility is that loop quantum 


as much of Einstein's theo Bravity and string theory might be two different 
aspects of the same underly! mathematical 
framework. But so far that's just a suggestion, says 
Pullin. “I personally think there are certain aspects 
of string theory that look quite obviously correct,” 
af ies of foro ce, = like with magnetic fields they he says. “Similarly, there are certain aspects of loop 
looke od at in high school,” says Pullin, “And so the quantum gravity that look right too. So my hape 
lent of those lines for the gravitational field is that in the future the two theories will converge 
wut.” Those eventually, at least certain aspects of them.” 

ne together in what While string theary and loop quantum pravity 
and if you at how are the two main contenders for a theory of 

f over time you get what's Quantum gravity based on the number o 
known as spin foams working in each field, there are a few lesse 
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Electroweak interaction 
Physicists figure out how to 
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: i 
ball Can there 
really be a 
theory of 
. everything? 
= ie tere 
¥ cal physi 
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What exactly do 
physicists mean when 
they say ‘theory of 


everything’? 

Atheory which combines all 
the known fundamental forces. 
That's the electromagnetic 
force, the strong and weak 
nuclear forces and gravity. 


Do you think we're 
likely to find one? 

| think it is feasible. But the 
asterisk to that is that we 
would never really know that 
what we have is actually the 
final theory, because it could 
always be that tomorrow we 
discover something that does 
not fit in, and we need a new 
theory again. 


Would it really 

describe everything? 

In principle you'd be able to 
derive all the other laws of the 
universe from it. If you could 


wile st te sm lars actually do that in practice is a 
doesn't follow completely different question. 
tito} Even if we have a theory of 
described in everything, we may not be able 
the theory of do the necessary calculations. 
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This idea says that space- 
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objects physicists call strings. 


experiment “T think that right now we are still 
cause, fal AaWay from finding this theory 
Higgs boson of everything" Sabine Hossenfelder 


known ideas too. One, called causal dynamical 
tangulation, involves dividing space-time up into 
gles. Another is a theary called causal 
sets, which says that space-time is only an illusion, 
and the fabric of the universe is really a set of 
disconnm but related points. Asymptc 
safe gravity is a perhaps more mundane idea, 
and inves i 
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applying some mathematical safety precau 
prevent the problems that will otherwise arise 
But quantum gravity isn't the only thing v 
for a theory of everything, Another step is unifying 
the three forces in the Standard Model of particle 
physics: the strong anc weak nuclear forces, and the 
electromagnetic force. We know that two of these, 
the electromagnetic force and the we: ce, do 
come together at high energies as something called 
the troweak inte an. But so far the strong 
force has remained steadfastly separate 
Theories that combine all three - kne 
grand unification theories, or GUTS - tend 
protons that are unstable and de imilar to how 
atomic nuclei decay, But that’s not what we observe 
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attempts at a grand unification thex 
But there are other more complex versions that 
can't yet be ruled out experimentally, so could turn 
out to be accurate. 
Similarly, one o| 
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mathematical problems, in the best case maybe 
we'll be able to solve them in the next 2! 
would still not know that this i 





ulin, that’s to be expected for theories 
that aren't fully unravelled yet. “The fact that we 
don't have experimental predictions for theories 
that are incomplete is not nec 
“Perhaps when we know mo 

xpenmental prediction will come a 
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“Basically. the 
quantum effect 
WE Cannot creale l 
properties,” says Hi 
I's a cate uation, We can't measure 
these quantum gravitational effects for single 
elementary particles, because the effects are 
too small, And if you pile up too many of these 
particles, you have a higher mass - which would 
make it easier to measure those quantum effects 
but then the quantum effects g 
But there are new experiments on the horizon 
that could finally provide a way to me 
quantum gravity, helping to point us in the right 
direction for a theory of everything. Over the last 
decade, physicists have been making headway 
with creating larger and larger objects that 
in quantum states. These objects are not ye 
big enough to allow physicists to also measure 
their gravitational effects - but with a few more 
techine that’s a real possibility: 
Hossenfelder is hopeful that this means 
experimental t if Quantum gravity are within 
our grasp. And that wouki mean theorists working 
on string theory, loop quantum gravity and other 
quantum gravity th 5 could finally get an 
experimental nuc: ht direction, “If they 
actually manage nething, which I 
be y, the next 20 
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e will be possible within, 
4 or so, then this has a Jot of promise t 
Buide the development of the theory,” she says. 
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THE FUTURE OF 
MOON LANDING 
TECHNOLOGIES 


NASA and private enterprises are forever on the hunt for new initiatives to 
make lunar landings safer and more routine. Draper Laboratory is one of the 
organisations incredibly close to developing self-landing spacecraft 


Interviewed by Lee Cavendish 


How is Draper looking to improve and make 
lunar landings more routine? 

Draper's making a rather large investment of time 
and energy in developing technologies for landing 
on the Moon very precisely and very safely. That 
tanges from small landers all the way up to landers 
that would carry humans down to the surface 

of the Moon and also very large cargo delivery 
systems which would carry habitation modules 
down to the surface of the Moon, 

The technologies apply to all of the different 
sizes of landers, but all have to do with landing 
very precisely, It will navigate to where you want 
to be but also detect hazards that pop up while on 
your final approach, which you may not have seen 
through imagery, avoiding those, getting you to the 
surface and near as possible to your desired point. 


A test was recently completed over Tuscon, 
Arizona. Please can you tell us a bit about what 
was involved? 
So one of the challenges of developing technologies 
to land on the Moen is that it’s a hard thing to 
do and you don't have a test Moon you can go 
to. and try things out. So what you try to do is 
use the Earth as an analogue. to replicate some 
environment to incrementally stress your systems 
so that you build confidence in that performance 
before you actually go to the Moon 

The test we just recently did was one of those. 
It was testing a vision-based navigation system 
that we call DMES, for Draper Multi-Environment 
Navigator. A particular aspect of DMES we were 
testing was its vision using optical cameras - to 
track features while the vehicle was doing terminal 
approach and landing so that we could navigate. 
This test gathered data from a landing that started 
at 120,000 feet [37 Idlometres} altitude. We had 
previously tested this system from being dropped 
from aeroplanes at about 35,000 feet [11 kilometres) 
to sub-orbital rockets that had gone up to 70,000 


feet [21 kilometres]. This was just another stressing 
of the software and a camera system to see if it 
would work from 120.00 feet 

When we go to the Moon it will have to work 
kilometres in altitude, but the Moon is somewhat 
better a it has noe atmosphere and no disturbances, 
so nothing to muck around with the picture. 
This was a very good incremental test, and what 
NASA provides through what they call Flight 
Opportunities is that NASA will make available a 
testing platform - in this case a high-altitude balloon 
- and Draper comes with its navigation instrument 
and software. NASA then allows it to be put up an 
the platform up to 120,000 feet [37 kilometres] and 
it gets dropped, and we get all the data from that 
drop test and we see if it works 


Are there any tests planned for the near future? 
Yes, So we have tests on Earth which will go on a 
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sub-orbital rocket developed by a company named 
Masten, and we also have tests to go up on a sub 
orbital but space-capable rocket called New Shepard, 
developed by Blue Ongin. 

In two years we have the ultimate test in 
that we are going to fly the software on a 
commercial small lander that will actually land 
on the Moon, 


What challenges need to be overcome when it 
comes to designing and creating the technology? 
The initial challenge is developing the algorithms 
and matching them with the software and the 
hardware that develops the system. However, 

the biggest challenge is, like I said before, it's not 
very easy to go out and test it against the Moon. 
You have to do a lot of simulations, and Draper 

has invested a significant ameunt of money in 
gathering digital data of the Moon, collected by 
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“This provides the technology that we 
believe will make lunar landings routine, 


reliable and safe” 


NASA's Lunar Reconnaissance Orbiter [LRO}, and 
digitising it. We can utilise it by modelling what the 
cameras would see when they go to the Moon 

But that is still done in a facility; the next- 
level tests are the ones wevTe doing now with the 
balloons and sub-orbital rackets where you actually 
take it out on the field and test it against what I 
would call ‘real terrain’ - things that have shadows, 
things that have different variations in how they 
look, different lighting conditions... just real world 
conditions. And that's the next step before you take 
it all the way to the Moon 

















The Moon has been extensively imaged with 
orbiters and ground-based telescopes. What 
obstacles could appear that haven't already 
been imaged? 
A hazardous obstacle to us is defined by something 
that the lander would have to avoid, either because 
the landing field is harsh or the platform isn't big 
enough. So if I'm landing something that has, for 
example, a ten-foot [three-metre] clearance of the 
ground, I can take obstacles that are a few inches 
on I could take stuff that’s a foot. That doesn't 
bother me because I'l] clear it, but if I'm landing a 
smiall lander, then an obstacle that is a foot long 
could be really bad. 

The data recorded by the LRO tends to be around 
three to four feet [0.9 to 12 metres] in resolution. 
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Anything smaller than three to four feet may not be 
apparent in the images that you see. 

You also have the situation where if you're 
landing at places that perhaps when the images 
were taken were in shadow - for example if you're 
at the south pole - then at the time you are coming. 
you need to detect obstacles and avoid them. It's 
essentially trying to do with a centring software 
system what Armstrong did when landing on the 
Moon for Apollo IL He and Aldrin, a lot of what 
they did was hazard detection and safe landing 
site selection 





What's the importance of having technology 
that can do this in real-time as opposed to being 
remotely controlled from Earth? 

The dynamics of landing are such that you'd like 

to have that rapid reaction in the ability of the 
platform itself to figure out where the safe spot is to 
put down. It adds to safety and it adds to reliability 
because you're taking elements out of the loop. 

For example, if you want to land on the far 5 
of the Moon you have to depend on relay 
to communicate back te Earth if you want to do 
it Temotely, In the case of the technology we'te 
developing, it has a high level of autonomy and 
you wouldn't have to burden the infrastructure 
necessary to do a landing anytime and anywhere 
on the Moon. 
























Could this technology be applied to regions 
beyond the Moon? 
Yes, Some of the work we are doing is built upon 
the work we are doing with [NASA’s} OSIRIS- 
REx, which is a mission orbiting an asteroid nght 
now and attempting to touch down and collect a 
sample. Some of the navigation technology we are 
leveraging here was developed for that programme, 
where we are helping to navigate the spacecraft to 
the precise sample-collection point 

It also has direct application to any planetary 
body, whether that's an asteroid, a moon of another 
planet that doesn't have an atmosphere or a planet 
that doesn't have an atmosphere. The navigation 
system depends on being able to detect features and 
using the tr 
how those features move within the picture which 
you take so that you can determine where you are 
how fast you're travelling and also to detect things 
that would be hazardous to your landing. 












chine vision software to determine 








The 50th anniversary of the Apollo 11 landing is 
imminent. How does this technology compare to 
that used at the time? 
Draper was the first contractor named on Apollo. 
We developed the Apollo navigation system and 
the guidance system, We're very familiar with that 
technology, and we tend to think of the system as 
Nav igation = determining where you are - guidance 
- where I want to go - and control - how you control 
the platform to get to where the guidance says. 
Control is very vehicle-specific; it's how you 
fire jets and control thrusts to move your vehicle. 
The Apollo guidance system was actually v 
sophisticated in order to do that, so we're leveraging 
that technology. Guidance is very physics-based, 
and as physics hasn't really changed in 50 years 
we're leveraging a lot of the same techniques used 
on Apollo. Navigation is where the big change is 
For Apollo it depended, particularly on landing, on 























the astronauts to do navigation 
Telative to features they had 
identified and hazard detection 
and site detection. What we 
rying to do here is - in order to 
make lunar landing more routine, 
safer and more reliable - we're 
adding autonomy to that navigatk 
part. In addition to using the astronault’s 
ey a Sensor, wee going to use cameras. 

going fo use modern sensing abilities and 
modem machine leaning software to do the job 

if no crew is on board, but if the crew is on board, 
to augment the crew's ability in order to navigate 
Telative to features and get very precise landing 
capabilities. Small landers, and even up to the large 
cargo landers would use modem optics, modern 
electronics, modern machine vision and machine 
learning to do the job that we require an astronaut 
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to do. 


What benefits does this type of technology have 
on the lunar lander business market? 

What this does ts provide the technology that we 
believe will make lunar landings routine, reliable 
and safe. This means the vehicle will get down to 
where you want it and it will get down in one piece 
in an operational landing. 

In order to have commercial operations, you need 
something reliable. If Im spending the money to 
Start harvesting water ice in the south pole of the 
Moon, or I'm sper iding the money to extract rare- 
Earth material from the regolith of the Moon, I can't 
have landings that are special every time. It needs 
to be something that’s routine, that’s dependable, 
that's reliable, that I can count on happening to my 
desired requirements. 

In particular, in being able to land precisely. 

Let's envisage 2 world in which I have mining 
operations on the surface of the Maon. When | 
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\ extract something, I put 
those in same container that 
needs to be returned back to 
Earth, Well, | need landers 
that have either the supplies 

or the vehicle to take the 
material back to Earth. | have 
to have those land close to where 

the material is. If they land miles away 
then it doesn't do me any good, and ll have 

the expense of having to transport stuff over to 

where the landers are. [t's much better to have the 

landers land where they are supposed to land, and 

so from a commercial enterprise we think that this 

technology is critical to routinise lunar landings. 50 

when they become routine all of a sudden you can 

Start to depend on thern, all of a sudden it becames 

a known quantity, all of a sudden this is when you 

can start saying this is how | make my money. 








Do you think this sort of technology takes away 
the need for astronauts, making the need for 
human exploration redundant? 

In the aspect of landing precisely and safely it’s 

not that you're replacing humans, it’s that you're 
actually allowing humans to commute to worl. You 
need humans te do the wark. It's like saying if I had 
an autonomous car, then people no longer need to 
go to work. All the autonomous cars and trains do 
is allow humans to be in professions tn which they 
are supposed to be working in, as opposed to me 
being the train conductor on my commuter train. 

If these vehicles can land very routinely without 
humans, then why do we need humans? Well, we 
need humans to do the work that they were sent 
there to do, which is to explore, discover and put 
in place infrastructures and properties that you 
can eventually make money off. There's still a lot 
of complex operations that benefit from having 
humans there. We are just making the trip safer, 
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WHATIS _ 
THE GREAT 
ATTRACTOR? 


Galaxies appear to be affected by a concentration meses 
but what is it and where is it coming from? 


Reported by David Crookes 
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ave backgroun 
the leftaver radiation from the Big Bang 

But if that wasn't enough of a brealcthrough, 
subsequent detailed mapping of the CMB in the 
1g 
knew that some 13.8 billion year: the univers 
emerged from a singularity in an event that 
we know as the Big Bang. and that it has been 
expanding since. But the CMB was noted to be a 
little bit warmer on one side of the Milky Way than 




























the other, and this finding proved to be a rather 
significant one. 
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Milky Way 
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The theories tts a lure like no other, so what could be causing such a cosmic attraction? 


Lure of gravity 
The Great Attractor 
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gravitational anomaly - if it 
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Virgo Supercluster 
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contains the Virgo Cluster 
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Milky Way and Andromeda 
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As well as questioning what the mysterious force is, 
scientists have been seeking to pinpoint its location 
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Its name sounds dramatic, but 
there is a section of space that is 
rather difficult to see 
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“One small step for A man, one giant leap for mankind”, words 
spoken by Neil Armstrong, the first human to walk on ropes 
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which is responsible for the first foot prints on the moon, which 

PMC UM MM Eee An Serts MelCoe cele: MMC ia cere lace re) 
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Chief designer of 
the rocket is 


Long Lehao 
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Long March 5 


China's most powerful rocket will bring the nation's presence in 
space to prominence, eventually building a space station 


THE SPECS 


Launch: 3 November 2016 

Launch site: \Wenchang Launch 
Center, Hainan Island 

Rocket: 5/7 metres (187 feet) 

by 5 metres (16 feet) 

Target: Low-Earth orbit and beyond 
Operator: China Academy of Launch 
Vehicle Technology (CALT) 
Capacity to low-Earth orbit: 
25,000 |ilograms 

Components: Two core engines 
and four boosters 

Next launch date: July 2019 


1.7m (5.6ft) average 
t ci height 





——————— smsiy 


The Long March S. or Changzheng 5, is supposed 
to become the crown jewel of Chinese rocketry. 
The China Academy of Launch Vehicle Technology 
(CALT) has been working tirelessly over the last two 
years to perfect one of the world’s most powerful 
rockets, which is comparable to the United States’ 
Delta IV Heavy. The Delta TV Heavy rocket, which 
most notably launched NASA Parker Solar Probe 
in August 2018, provides a total thrust of 9700 
kiloNewtons (KN) that can take roughly 28,970 
kilograms (63,471 pounds) of cargo to low-Earth 
orbit. To put the Long March 5 into perspective, this 
rocket provides 5.840 KN of thrust at sea level and 
can place around 25,000 kilograms (55,116 pounds) 
of cargo inte low-Earth orbit. This makes the Long 
March 5 the third most powerful rocket currently on 
the market, with the Delta IV Heavy in second and 
SpaceX's pioneering Falcon Heavy reining supreme. 
This rocket was built with the aim of satisfying 
China's demands for transferring large payloads into 
low-Earth orbit, geostationary transfer arbit (GEO) - 
which is a more elliptical orbit around Earth - and 
farther in the foreseeable future. Since 2007 when 
funding begat, the rocket has been constructed 
from the ground up, and has so far had its highs and 


lows in demonstrations, It has only undergone two 
flights: the first was in November 2016, which was 
deemed successful, Unfortunately the second flight 
in July 2017 was unsuccessful and lost its payload 
after a first-stage failure. Two years after the failure, 
the China National Space Administration (CNSA} 
look to rejuvenate the rocket with its third launch, 
which could lead to the delivery of very exciting 
missions in the near future. 

Before any plans can be divulged, however, the 
specifics of the rocket must be tested, It is a real 
testament to modern rocketry and could prove to 
be a heavyweight when it comes to launching space 
exploration missions. The fifth member of the Long 
March rocket family is the first Chinese vehicle 
designed from scratch that focuses purely on liquid 
Tocket propellants. It is a two-stage - with the added 
potential of a third stage - heavy-lift rocket that 
utilises four boosters, each with two YF-100 engines, 
around a core stage that uses two YF-77 engines. 

After the separation of the boosters the rocket 
wil] continue to fire two YF-77 engines in order to 
fly on to its trajectory. After roughly eight minutes 
of burn time, the second stage separates and uses 
two YF-75D engines that provide a further 176 kN 


“Since 2007 when funding began, the 
rocket has been constructed from the 


ground up" 
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Anatomy of a super rocket 


China's most powerful booster consists of at least two stages and four boosters 
that will take it away from Earth and beyond 



























® Payload 
The payload of the rocket can hold up to 25 tonnes 
to LEO, or 4 tonnes to GEO, which will come in 
ene le Boe eer te 


Blecher 
The third stage is optional as it 
ee ee 
medium-Earth orbit or direct-to-GEO, This 
stage uses two further hypergolic-fuelled 
YF-50D engines 


Rie 
This liquid-cryogenic rocket 
engine also uses the same liquid 
hydrogen and liquid oxygen as 
aes ated Seen stage 
ee Beet 
fap eateries 
sear deel ala ele 
fama M eC el meee 


ee 5 
ieee te el 
ieee die 
powerful YF-100 
ed de Men | 
Losey SU eRe yo 

gem et be 

Pee ee tS 





ae ae) 
The core stage of the Long March 5 
feelue eee ene a 
el eM aia ee tee ne R (eS Ree eds ERC) 
provide thrust. 


© Improved YF-77 engines 
Pvc lal Mila .4 1p) Meg ead = 
the YF-77 engines had to be improved. Its 
geod eer mee Mesh ek) 
the source of the problem. 
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3 Introduction of 

the second stage 

After the second stage separates and the 
payload is exposed at the tip of the rocket, 
the two YF-75D rockets ignite for roughly 
anather ten minutes. 


2? Separation of 
the boosters 
After roughly three 
minutes the boasters 
will separate, The 

first stage carries c 
firing for an additional 
five minutes, 


1 Liftoff from Wenchang Launch Center 
When the countdown is done, all ten engines from the 
four boosters, as well as the core stage, will ignite. 








5 Payload separation 

After the second stage’s firing is complete, the 
payload will then separate from th nd 
stage, At this point the third stage would 
ignite or the paytoad will stay 

orbit, depending on the plan, 


4 Splashdown for 
the boosters 
While the payload 
carries on wit 
into space, boosters 
will have made their 
descent into the Indian 

. away from harm. 


Shijan-18 experimental communications satellite. 
Unfortunately this was deemed a failure as the 
satellite did not reach orbit. The issue appeared to 
begin after the initial four boo eparated, This 
led to the satellite failing to reach orbit. instead 
crashing into the Indian Ocean. This was later 
attributed to a turbo pump exhaust issue in one of 
the YF-77 engines that power the first stage 

The Chinese space agency has since t 
time in getting the next Long March 5 rocket 
into action. Its next launch is scheduled for July 
2019, two years after the failure. Redemption 
in this case will involve launching from the 
same site on Hainan, carrying the Shijan-20 
communications satellite, To prevent the same 
mishap, the rocket has redesigned YI-77 engines 
capable of withstanding the complex thermal 
conditions of launch. If launch is successful then 
it can begin carrying more exciting payloads such 
as the Change-5 lunar sample-return mission, a 
Martian orbiter and rover and even begin delivering 
modules of the Chinese space station, Tiangong. 
which means ‘Heavenly Palace’ in Chinese 

CALT also has plans to improve on the Long 
March family with the introduction of the Long 
March 8 - a medium-life rocket that will notably 
be reusable after launch. However, main efforts at 
the moment are to focus on the Long March 5 and 
make sure its issues are in the past There are many 
exciting missions and projects in the works that 
rely on this heavy-duty rocket being able to take 
payloads far away from Earth. 


“CALT also has 
plans to improve 
on the Long 
March family” 


The YF-100 engine 


In the proce 
Producing a more 
environmentally 
friendly engine that can 
provide the propulsion 
needed for heavy cargo 
delivery into space, 

the ¥F-100 engine was 
born. This is the most 
powerful engine used 
on the Long March 5 
and is fitted twice over 
one 
with each engine 
providing a thrust at sea 
level of 1,200 kN. 

This engine is much mote efficient and safer for 
the environment as CALT introduced cryogenic 
propulsion 
used wh 
ker 

























55 of 








each of the boosters, 


be 


tems that use kerolox - a term 
burning both liquid oxygen and liquid 
ket fuel 










Head-to-head 
Long March 5 vs 
Falcon Heavy 


How does China's mast powerful rocket 
compare to SpaceX’s juggernaut? In terms of 
size, the Falcon Heavy is taller by 13 metres (43 
feet), but Long March 5 has the wider diameter 
by just over a metre (three feet). However, the 
Falcon Heavy is reusable, with its two boosters 
and core stage able to land safely on intended 
landing zones. The Long March 5 takes the 
conventional tocketry approach of disposing of 
the boosters and first stage in the ocean. 
Falcon Heavy does take the crown when 
it comes to most powerful rocket: it can take 
over 60 tonnes to LEO, as opposed to Long 
March 5's 25 tonnes. 






Long March5 
867000kg 






Falcon Heavy 
1420788ke 


Vital statistics 
About 20 
eee EES aller 
eee than the 
Chnist the 
Redeemer 


statue 


-_— 
— 
The payload mass 
to LED 


Thrust of Lang 


5,840 — 
—__ 
kN March 5 on the 
ground 


—_ e 
e = The payload mass 


to send to the 


tonnes Moon 


Ht 


The most used by 
any rocket in the 
Long March family 


boosters 
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Four missions that 
Long March 5 will 
carry into space 


1 Chang'e-5 

Its fourth edition made history as it became 
the first to explore the far side of the Moon, 
whereas Chang’e-5 could potentially collect a 
lunar surface sample and return it to Earth, This 
launch is currently scheduled for late 2019. 








. 


2! A Global R t : 
Orbiter and Small Rover ken 
Mid-2020 could see the launch of a Martian 
explorer, consisting of a orbiter and a rover. The 


rover will be able to provide up-close analysis of 
the soil, searching for any signs of ancient life. 





3 Tiangong program 

Arguably the main reason to construct this 
heavy-duty rocket, the Tiangong program has 
seen two space laboratories launched in the past 
With the Long March 5, a space station will be 
constructed starting in 2020. 





Xuntian space 
ubbed “more powerful than Hubble” the 
telescope could see space in the 2020s, This 
space telescope will follow the same orbit as the 
Chinese space station and will provide a field of 
view 300-times larger than Hubble's, 
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Subscribe by 18 July for our exclusive offer 


“The Space Race reveals all of the big questions about space travel, Author Sarah 
Cruddas brings to life the hidden stories behind the most famous space missions before 
taking the reader on a journey through the future of exploration of the cosmos. 

“Propelled by recent scientific discoveries and printed to coincide with the 50th 
anniversary of the Apollo 11 Moon landing, The Space Race is essential to understanding 
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every aspect of the history, and future and of human space travel.” 
Gemma Lavender, Editor-in-Chief 
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Exomoons. 





-Astronomers have unearthed 
exciting evidence for a Neptune-sized 
moon orbiting a Jupiter-sized planet 

8,000 light years away 
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Exomoons 


“Testing a hypothesis rigorously is part of science, 
and I'd be uncomfortable frankly if people simply 





took us at our word that this moon is real” aiex Teachey 


cons are found all throughout the Solar 
System. In fact, there are 184 known 
moons orbiting the 13 planets and 
SS dwarf planets, with just over 70 per 
cent of them orbiting the two gas giants, Jupiter 
and Saturn. If you apply the same figures te the 
latest known exoplanet S72 at the time 
of writing - for a rough > could be a 
potential number of at least 55,000 moons outside 
our Solar System, also known as exomoons. This is 
egering number, but it also raises a question: 
lasn’t an examoon been discovered yet? 
Discoveries regarding exoplanets have been 
at the forefront of astronomy for the last two 
decades and have produced some of the most 
headline-generating space news of recent times. 
But another recent piece of news has generated 
equally exciting headlines, as astronomers claim to 
have made the first-ever detection of an exomoan. 
Two astronomers at Columbia University in New 
York have found the first possible beacon signal 
for an exomeon around exoplanet Kepler-1625b, 
about 8,000 light years away from Earth. In 2017, 
Alex ey and Dr David Kipping, astronomers at 
Columbia, went through 284 exoplanet candidates 
discovered by NASA's now-deceased Kepler 
Space telescope before they found 
a possible detection of a moon 
around Kepler-1625b. All About 






























the time: “We seem to have 
4 pretty good idea of what 
this moon would look like, 
and what that allows us 

to do is then project into 

the future. We now have 
some sort of prediction as 

to what we're looking for in 
the October [2017] transits. If 
we find a good fit this would be 
teally strong evidence that we've 
Tade a successful prediction. But at 
this point it’s tough because there are so few 
transits, 
caution. Until we observe it with Hubble, we're just 
not going to be entirely convinced.” 

Now, two years after that interview, Teachey 
and Kipping have found even more evidence that 
the exomeon, named Kepler-1625b-i, & They 
had their time with Hubble, and the results look 
promising. “Since that first paper came out there 
have been a range of Teactions, from excited to 
skeptical, and that's all to be expected. Testing a 
hypothesis rigorously is part of science, and I'd 
be uncomfortable frankly if people simply took 
us at our word that this moon is real” Teachey 
divulges to All About Space. “As the famo 
















aying, 


44 













we'te approaching with an abundance of 


evidence’ I think this certainly counts as an 
extraordinary claim, but we've tried to be up front 
about the fact that, nght now anyway, we haven't 
got extraordinary evidence. We've got ‘evidence’ 
The evidence in this case is hidden in the light of 
the host star. The same technique that has been so 
successful in confirming the existence of thousands 
of exoplanets is also being used to find exomoons, 
but it is a much more difficult challenge. When 
astronomers talk about ‘transits, they are talking 
mut when an object moves in front of its host star 
from the perspective of Earth, and blocks a part of 
the star's light. By measuring the star's brightness 
over a period of time in what's known as a ‘light 
curve’, astronomers can watch the transit of the 
object moving in front of the star, thus determining 
its existence, In this instance Teachey and Kipping 
observed the transit of exoplanet Kepler-1625b, but 
in 201? also saw a much smaller transit that could 
be the calling card of the first-ever moon found 
outside the Solar System. 
If the evidence and analysis are correct then 
the exomoon is e to the size of Neptune and 
orbits a planet three = the size of Jupiter, both 
of which orbit a star similar to the Sun in a clase 
orbit. The size difference between Kepler- 
16256 and its moon is comparable 
to the Earth and Moon system 
The anomalies in Kepler-1625's 
transits are what brought 
the exomoon hypothesis to 
the world's attention. "The 
first [anomaly] is that the 
planet appears to transit 
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Right: 
Kepler's 
SUCCESSOT, 
TESS, has 
continued 
the search 
for habitable 
planets 
outside our 
Solar System 


Left: 

Hot Jupiters 
are easier to 
detect because 
of their 
relatively large 
size and short 
orbit duration 


Below: 

The Kepler- 
1625b system, 
consisting of 
a Neptune- 
sized moon 
orbiting a 
Jupiter-sized 
world 








How did astronomers discover the exomoon? 


Using data from the Hubble Space Telescope and Kepler space telescope, astronomers were able to 
catch the starlight's signal of Kepler-1625b-i 
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Kepler-1625b emerges Oe aaa eee le The end of exoplanet transit Kepler-1625b-i appears 

The exoplanet Kepler-1625b begins ta Cie Pleas ee ee AU Baltes een eet ess Three-and-a-half hours after Kepler- 
to block out light as it crosses in orbit the star loses a fraction of its els eu eRele Bom Rh Beale Peer ia Belek | og 
Lica eee eee elt mtr Pasar meen en long transit. However, the moon was _ transit was observed, attributed to 
Due ee transit, equating to about 9.5 hours just about to enter the frame. fee een tne aPiele bl 
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Exomoons 
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of Jupiter's 
moons 


Below: 
the Max Planck Institute for Solar 5 cl Exoplanets 
in Germany hav ed the o and exomoons. 
c 0 could hold 
exotic 
discoveries for 
the future 
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This scenario also depicts how the Earth got its Moon. When 
ere eye eee eee Mlle me ec 
planets, planetesimals and large chunks of debris constantly 
colliding. If a planet is struck by an extremely large object, 
chunks of material come flying off and gravity brings them 
emo Ge Mele am 





The gravity-capture scenario 

Large planets like the gas giants Jupiter, Saturn, Uranus and 
eae eee gi eae die slr Er latra sal 

If an object gets too close, the planet will not let it leave its 
grasp. So when a large dwarf planet-sized object flies too close 
to a large planet, it will be captured and forms a moon. This is 
how Neptune got its moon Triton 


Moon-accretion scenario 
STEM CORtee:|Pele (a CM eg lee: lielt ale B tg Bel i aioe eee 
moons could have formed from a disc of material orbiting 
rm eee eels ems cme ie ee mer | mui lslel eee em 
Ganymede, Europa and Callisto - supposedly formed in this 
manner by the accretion of leftover orbiting debris. 
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“The second anomaly is an additional 
decrease in the star's brightness after the 
planetary transit has completed” pavi 
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The now- What the exomoon 
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telescope Laura Kreidberg 
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put through the wringer. Even 
the hint of a signal that they 
pelea ale] et ee am eg 
new analysis. [We] conclude 
Ea Bae te a 
found was likely an artefact of 
the data reduction.” 
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CEO Jeff Bezos unveiled his 
private company's lander and 
motives for journeying to the 
lunar surface 






rt eam] Og) eM Ug te 
spacecraft reached a personal record 
Tee hte Meal Tailed er sieg 
(65,8 miles), the aerospace organisation 
EEE tio eRe ee om Sle ele 
the Washington Conference Center in Washington 
RGR Mme lio me tal eles edt en ence 
cela taC maya =] O(a sla efor ere ag ep oa] 
peek at the life-sized mock-up of the lunar lander 
that could potentially carry tonnes of cargo - and 
. even humans if the ascent stage is added - to the 
Esc lemma de ella 
Meer eee ela etlelelen ele eek | 
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the Blue Moon lander could take between 3.6 and = ’ 
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objective for NASA to make this return i 
eel eae Re eles 
Tey ete Mere s\n ae en 
center aeRO eile 
“This Is an incredible vehicle, and 
Teer eso sree ere] 
after unveiling a mock-up of the Blue 
else Cine eM ae ttel a) 
Pelee eee mee 









SsmVecg 


“This is an incredible vehicle, and 
it's going to the Moon" sett Bez0s 
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New Shepard uses a BE-3 engine, a liquid-hydrogen 
— , ETM eens] e gE RUE meet ce Ba eae 
490 kiloNewtons (110,000 pounds of force). New 
Shepard is designed to break through the Earth's 
ues eee re smelt tiem eles 
the Blue Moon lander just requires the thrust for 
Tieser a Bore Dae raed 
fester RO EM oe Mel ene ML RAUL) 
40 kiloNewtons (10,000 pounds of force), which 
ae es em als Breer oad 
available mass for any payload that will make its 
- journey to our natural satellite. 
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Music of the stars 
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kind of data. The Kepler 


y're rather like the oscillations inside 
ZZ the tube of a flute or trumpet, except that 
; a Star is three dimensional" prof rim Beading 
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Listening to. a 


o aR 
Sel aw rola Pol ea 
A star's internal structurt el 
affects the pattern of ee 
oscillations that we ¢a : \ ai 
eles Mikes A1 8 Peles 


into the core 

The speed which waves 
trave! through the core 
reveals its composition 
and likely age - waves 
move faster through 
higher density materials 
like helium, 


Stellar ripples 
Surface-gravity or ‘f-mode’ 
waves are created at the 
surface and move across the 
star like ocean waves. 


Star layers 

Just like light waves passing from air to 
water, passage from one internal layer 
to another with different properties 
can deflect, or even reflect waves. 


Far left: 
Kepler's 
main aim 
was to detect 
exoplants 
orbiting 
around 
far-off stars 


Music of the stars 


Stellar pressure 








Pressure or 'p-mmode’ waves are 
most similar to familiar sound 
waves and are generated by local 
pressure changes. 


Rising gas 
Gravity or 
‘g-mode’ waves 
are generated 
where gravity 
counteracts 
the internal 
buoyancy of 
rising gas. 


Stellar rotation 

The rotation of a star's core 
influences waves passing 
through or near it, creating 
oscillation patterns. 
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Radius: 2.1 solar radii 
Temperature: 5,500°C (9,932 °F) 
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journey to become a red giant. Its 


relatively high density produces high- 
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Deep inside the star lies a burnt-out 
core of helium surrounded by 
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generates energy. 
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Radius: 5 solar radii 
Temperature: 5,000 °C (9,032 °F) 
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“Until now, almost everything we know 
about the lives of stars has come from 
theoretical calculations” prot tim Bedding 
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A joint ESA and UKSA engine that's able to breathe air 
is set to revolutionise spaceflight as we know it 
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: Alien DNA vs Human DNA 


How does the synthetic hachimoji DNA compare with 
the natural’ DNA found in your own body? 
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whether 
moons such as 
Europa may 
contain life 
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use our DNA 
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“The approach described here could 
help bypass the limitations of natural 
translational biochemistry” professor Michael Jewett 


Above left: letter code used in human DNA additionally makes 


What could this mean for the 
future of hunting for life? 


“It is inadequate to simply speculate about what 
alien life might look like. It is necessary to go into 
the laboratory with specific, actionable chemical 
structures and see how they perform” 

Steven Benner, distinguished fellow at the 
Foundation for Applied Molecular Evolution 


“This new work will help us to develop effective 
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scope of what we look for” 

Lori Glaze, acting director of NASA's 
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more effective search for life beyond Earth" 
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Interview Professor Brandon Brown 


APOLLO'S 
BUMPS IN THE 
ROAD TO SPACE 


The ride to the Moon was never a smooth one, but the 
setbacks only made the accomplishment more impressive. 
Brandon Brown tells All About Space about some of the 
challenges that engineers had to overcome 





Interviewed by Lee Cavendish 


In Apollo Chronicles you talk about Wernher von 
Braun, who previously worked for Nazi Germany 
in World War IL. Was there much convincing 
needed in the United States in order to allow him 
to work on rockets in their space program? 

To the best | could find, no. in fact, information 

ar Il started coming out 

0 program, 

y worried 


in Europe during the peak of the Ap 
or the crest of it, and von Braun was ve 
about some o ting 
translated to English and then getting released in 
the United States, NASA and the US government 
told him: “Don't worry about it. It's not going to 
come over here” 
From his first days in America, yon Braun was 
surprised by the hospitality of former enemies. 







hese reports in German 








became a sort of media 
2aTs. He wrote feature 






With calculated effort 
darling within ten or so 
afticles and regular columns in leading magazines 
of the day. He even helped Walt Disney uce 

TV shows it humanity's future in space, Many 
eventual NASA engineers would credit these shows 
for early inspiration. 
















At the start of the Apollo program was the 
Apollo 1 disaster, What impact did that have on 
the mission at the time? 

I was shocked when I got into it. If you plat o 

eight years that former president John F] Kennedy 
made the announcement [to head into space] 
which 
- to the first successful Moon landing. this came in 








hocked many of the engineers, by the way 





Left: The 
ground-based 
NASA team 
celebrates the 
safe touchdown 
of Apallo 13 


Top right: 
The launch of 
Sputnik 1 in 
1957 sent the 
Soviet's into 
pole position in 
the Space Race 


Far right: 
(From left 

to right) Gus 
Grissom, Ed 
White and 
Roget Chaffee 
tragically lost 
their lives in the 
Apollo I disaster 


Bottom 

right: Former 
President John 
F Kennedy 
made the 
announcement 
to go to the 
Moon in 1961 


1967 when they were ready to start testing the first 
Apollo modules and so on. 

it was really a shock. It took 2 lot of the 
innocence out of NASA and a lot of its vibrant, 
youthful exuberance went away. People realised, as 
von Braun said: "Now peaple know we're not in the 
business of selling shoes.” If you have a defective 
shoe that's one thing. but a defective capsule can 
kill people, So there was great criticism 

In the immediate aftermath people thought, 
Wow, we're not going to achieve Kennedy's goal. 
Full stop’ But they [NASA] quickly gathered 
themselves, made 125 different modifications to that 
command module and amazingly, by the end of the 
year, they had put an Apollo modified module up 
into space 








Afterwards NASA had great success, up until 
Apollo 13 where an oxygen tank blew up on the 
way to the Moon, What role did the ground- 
based engineers have in getting the astronauts 
back to Earth safely? 

They were pretty critical to the survival of that 
mission. It kind of went into round-the-clock 
engineer overdrive on Earth once they had the 
accident. There was a key young engineer who had 
solved several problems for them ~ | tell the story in 
my book - and he was just getting out of the shower 
and he got a call from the main NASA centre 
saying: “Hey, we're having all these problems. We 
think we must have some instrument readings that 
are wrong, because they make no sense” 

He quickly heard the different sets of data and 
he told them: “You're each too close to your own 
monitor, and if you Jook at it all together, that 
capsule is dying. We have a real problem. It took a 
bit of time to figure out what was actually wrong; 





Professor Brandon Brown 





“If you have a defective shoe that's one 
thing, but a defective capsule can kill 
people. There was great criticism” 


they were losing oxygen. So the engineers worked 
around the clock on all sorts of problems. 


Are there examples of engineers fixing problems 
before they became major issues? 
Absolutely. I illustrate one in the book where 
a fuel tank had shown a flight rupture during a test. 
The more middle-management engineers 
said: “Well most of these tanks are fine. The 
company said this is because someone left a 
fingerprint on the inside of the tank and there 
was a chemical reaction, and that fingerprint led 
to the problem that led to the crack” Then young 
engineers went and looked at the tank physically 
and said- “That's impossible, Only a monkey could 
get a paw into this tank to leave a fingerprint. The 
company’s wrong” 

They kept making noise, and due to the 
very healthy culture of NASA at the time - 
where everyone who had a valid technical point 
was heard out - eventually the higher-level, 
older management agreed te nun a bunch more 
tanks in a test, and a bunch of them failed 
catastrophically. So if the younger engineers hadn't 
made this point, that the company manufacturing 
the fuel tank were mistaken about the source of the 
problem, they almost assuredly would have lost one 
of those on an Apolle mission, and that would have 
been deadly if a little fuel tank hac ruptured on the 
way to the Moon 





What was the most surprising aspect about the 
Apollo program you found out when writing 
your book? 
What I most remembered is the chaos of 1962, This 
is in the year after Kennedy's announcement, and 
I was surprised that many engineers had said: “It 
was the dumbest thing I had ever heard, the idea of 
going to land on the Moon. 

One engineer described it as he felt like they 
had just barely gotten on their feet like a toddler, 
and now their president was saying we're going 
to run a marathon jn a couple of years. That was 
surprising. | always assumed when Kennedy made 
his announcement, all the engineers would have 
been very excited and thought: “Here we go! We 
have support for this bold mission.” But it was a 
little different from that. 
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Why haven't we detected 
other civilisations? 
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Ask Space 





What exactly is ‘Oumuamua? 





We firmly believe it's likely to be a leftover 
archaeological remnant from the process of 
the birth of another planetary system; some 
celestial driftwood. Some think ‘Oumuamua 
formed very close to a star much denser 
than our own, and the star's tidal forces 
shredded planetary material early in the 
stellar system’s history. Others suggest that 
maybe this is something that formed during 
the death throes of a star, perhaps during a 


SPACE EXPLORATION 

















supernova explosion as planetary material 
got shredded 

Whatever it is, we believe it's a natural 
object, but we can't actually prove that 
it's not something artificial. The colour, 
the strange shape and the tumbling 
motion could have other explanations, While 
we don't believe this is alien technology, why 
not do the obvious experiment and search 
for a radio signal? That's exactly what the 


Breakthrough Listen project did, but se far 
‘Oumuamua has remained completely quiet 
Could we send a craft to ‘Oumuamua and 
answet this question once and for all? Yes. 
we do actually have the technology, but it 
would be a long and expensive voyage, and 
we would get so far from the Sun that the 
eo final trajectory would be difficult. 
Pr Karen J. Meech is an astronomer 
at the University of Hawaii 
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SPACE EXPLORATION 


Why should we 
colonise other worlds? 





About 12 years ago, I gave a TED talk on ‘10 ways the world could 
end suddenly’, We are incredibly vulnerable to the whims of our 
own galaxy. A single large asteroid could take us out forever. To 
survive we have to reach beyond the home planet. Think what 

a tragedy it would be if all that humans have accomplished was 
suddenly obliterated. 

And there's another reason we should go: exploration is in our 
DNA, 2 million years ago humans evolved in Africa, then slowly 
but surely spread out across the entire planet by reaching into the 
wilderness that was beyond their horizons. This stuff is inside 
us. And they prospered doing that. Some of the greatest advances in 
civilisation and technology came because we explored. 

Think for a moment what we had when John F, Kennedy told us 
we would put a human on the Moon. He excited an entire generation 
to dream. Think how inspired we will be to see a landing on 
Mars. Perhaps then we will look back at Earth and see that we are 
one people instead of many, and perhaps then we will look back at 


Earth, as we struggle to survive on Mars, and realise how 
precious the home planet is, 


Stephen Petranek is an award-winning journalist 
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Did 
you know? 


Dennis Tito, an American engineer, 
was the first man to self-fund a 
trip into space in 2001, He spent 
almost eight days in Earth 
orbit aboard the ISS. Ha 
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What is antimatter, and 
how could it help travel 
around the universe? 
Le gin Po santera ee Sa Ero es 


In the 1700s we built the chronometer that allowed us to travel the 
seas. In the 1900s the Wright brothers developed flight and allowed 
us to master the skies. If we really want to explore beyond our Solar 
System, we're going to have to come up with a new tool. 

Antimatter was first predicted by Paul Dirac. He was struggling 
with two relatively new concepts: special relativity, which describes 
life at really high speeds and the speed of light, and quantum 
mechanics, which describes the world of atoms and molecules. When 
he was solving this relativistic quantum mechanics equation he came 
out with two answers, a positive energy and a negative energy from 
these particles, the negative being antimatter. 

An interesting characteristic of antimatter is annihilation, If you 
have an antimatter particle and a matter particle and they get close 
enough together, they'll both disappear and turn into pure energy, In 
fact, if you had a gram of antimatter, it would have the same amount 
of energy as a 80 kilotonne nuclear weapon. Not only does antimatter 
have incredible promise as a fuel for spacecraft, but this has 
some pretty significant applications in the future of energy. 
Ryan Weed is the CEO of Positron Dynamics 
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How will we find planets that support life? 








There are actually many ways to find planets, several 
different ways, but the one that I'm most focused on is 
how we can open a gateway so that in the future, we can 
find hundreds of Earths. We have a real shot at finding 
signs of life, and actually, I finished leading a two-year 
project in this very special phase of a concept we call 
the ‘starshade’. 

The starshade is a very specially shaped screen, and 
the goal is to fly that starshade so it blocks out the 
light of a star so that the telescope can see the planets 
directly. It's shaped like a giant flower, and the concept is 





that a starshade and telescope could launch together, with 


the petals unfurling from the stowed position. The 


central truss would expand, with the petals snapping 
into place. This has to be made very precisely, literally 
the petals to mictons, and they have to deploy to 
millimetres. This whole structure would have to fly tens 
of thousands of kilometres away from the telescope, It's 
about tens of metres in diameter. 
The goal is to block out the starlight to incredible 
precision so that we'd be able to see the planets 
directly. And it has to be a very special shape because 
of the physics of defraction, 
Sara Seager is a professor at the 
Massachusetts Institute of Technology (MIT) 
and is trying to hunt down Earth's twin 


What can we learn from near-Earth asteroids? 


in 2013, a small asteroid exploded over the city of 
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Where is the best place to search for life 
in our Solar System? 
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The Ophiuchids reach June solstice 
their peak of five 


meteors per hour 


The Lagoon Nebula 
(Messier 8) is well 
placed for observation 
in Sagittarius 
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Globular cluster 
Messier 22 is well 
placed for observation 


in Sagittarius 


Total solar eclipse visible from Argentina, Chile, 
Pitcairn Islands, Uruguay, Brazil, French Polynesia, 
Paraguay, Bolivia, Peru, Falkland Islands, Cook 


Islands, Ecuador, Kiribati and Colombia 
The Capricomids reach 


JUL 
their peak of five 


meteors per hour 


1. 


Open star cluster 

IC 4756 is well placed 
for observation 

in Serpens 


SE regi tin] 
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The Earth is at its 
furthest point from 
the Sun 


14 


Dwarf planet Pluto 
reaches opposition in 
Sagittarius, glowing at 
magnitude 14.5 


Conjunction between 
the Moon and Saturn 
in Sagittarius 
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The Capricornids will 
reach their peak of five 
meteors per hour 


JUL 
The Moon and Pluto 
make a close approach 


passing within 0°02" of 
each other in Sagittarius 


Right Ascension is to the sky what longitude is to 

the surface of the Earth, corresponding to east and 
west directions. It is measured in hours, minutes and 
seconds since, as the Earth rotates on its axis, we see 
different parts of the sky throughout the night 


celestial longitude. The conjunction of the Moon and 
the planets is determined with reference to the Sun. 
A planet is in conjunction with the Sun when it and 
Earth are aligned on opposite sides of the Sun. 
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JUN 


Mercury is at greatest 
elongation east, shining 
brightly at magnitude 
0.4 in Gemini 


JUL 


Asteroid 18 Melpomene 
is well placed for 
observation in Scutum 


Saturn is well placed 

for observation in the 
constellation Sagittarius 
at magnitude 0.1 


Partial lunar eclipse 
visible in Africa, Asia, 
Europe, South America 
and Australia 


Declination (Dec) 
This tells you how high an object will rise in the sky. 
Like Earth's latitude, Dec measures north and south. 


It's measured in degrees, arcminutes and arcseconds. 


There are 60 arcseconds in an arcminute and there 
are 60 arcminutes in a degree. 


An object's magnitude tells you how bright it 
appears from Earth. In astronomy, magnitudes are 
represented on a numbered scale. The lower the 
number, the brighter the object. So, a magnitude of 
-Lis brighter than an object with a magnitude of +2 


JUN 


Open star cluster NGC 
6633 is well placed for 
observation in Ophiuchus 
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Conjunction between 
the Moon and Jupiter 
in Ophiuchus 


>Naked eye 
Binoculars 
Small telescope 
~ Medium telescope 


~ Large telescope 


When a celestial bodly is in line with the Earth and 
Sun. During opposition, an object is visible for the 
whole night, rising at sunset and setting at sunrise. At 
this point in its orbit, the celestial object is closest to 
Earth, making it appear bigger and brighter. 
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When the inner planets, Mercury and Venus, are at 
their maximum distance from the Sun. During greatest 
elongation, the inner planets can be observed as 
evening stars at greatest eastern elongations and as 
morning stars during western elongations. 
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Moon calendar 


* The Moon does not pass the meridian on 15 July 
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Planet positions All rise and set times are given in BST 


Date RA Dec Constellation Mag Rise Set 
ps 20Jun O7h39m36s +22° 42° 12° Gemini 0.2 06:44 23:07 
5 27 Jun O8h O7m 33s +20° 11 23" Cancer OF O7:02 22:50 
04 Jul O8h21m 57s +17°44' 46" Cancer 14 O704 22:22 
§ 10 Jul O8h22m19s +16° 10° 07" Cancer 24 06:50 2149 
= 17 Jul O8h 09m 35s +15° 24 58° Cancer he 06:14 21:04 
20 Jun 04h 46m 56s +217 44 34 Taurus 39 03:59 20:08 
ins 27 Jun 05h 23m 37s +22°49°28" = Taurus 39 804,00 20:25 
S 04 Jul O6hO0m48s +23°22' 26" Gemini 39 04:06 20:38 
& 10Jul O6h 32m Sis +23°24'09" = Gemini 39 |= 414 20-47 
5 7 Jul 07h 10m 10s +22° 54°48" Gemini 39 04:27 20:53 
20 Jun O7h 36m 225 +22° 46°58" Gemini 18 06-40 23,04 
27 Jun 07h 55m 22s +2°59°40° Gemini 1.8 06:37 22:50 
Fe 04 Jul O8h 14m 06s 421° 04°37" Cancer 1.8 06:35 22:35 
10 Jul O8h 29m 58s +20° 1738" Cancer 18 06-33 22:22 
S 17 Jul 08h 48m 12s +19° 03°31 Cancer 1.8 06:31 22:05 
20 Jun 7h O8m 09s -22°20' 16" Ophiuchus 2.6 20:22 04:27 
& 27 Jun 17h 04m 31s -22° 16 41° Ophiuchus 2.6 19:5] 03:56 
e 04 Jul 17h Olm 10s 22°13 16" Ophiuchus 26 19:19 03:26 
Be 10Jul 16h 58m 36s -22°10' 39" Ophiuchus 2.5 18:53 03:00 
e 17 Jul 16h 56m 04s 22°08'08" Ophiuchus 2.5 18:23 02:30 
20Jun = 19h 19m 18s “27° 50" 18" Sagittarius O11 22:30 06-4] 
27 Jun 19h 17m 15s 2054 47° Sagittarius 01 22:00 0611 
E 04 Jul 18h 15m O6s -21°59' 10" Sagittarius Ol 21:31 05:41 
= 10 Jul 19h 13m 12s 22° 03' 02" Sapittarius 01 21:06 05:15 
“) 17 Jul 19h lIm OOs 22° OF 27° Sagittarius ol 20:37 04:45 





This month's planets 


Saturn is passed by a partial lunar eclipse this month, while other 
members of the Solar System are a challenge - even through a telescope 
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Constellation: Gemini 
Magnitude: 0.4 

AM/PM: PM 

This won't be a brilliant month for 
seeing the closest planet to the Sun, 
but if you're patient - and careful - 
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AM/PM: AM 


Venus is techn 





a moming object 
and you would think from looking 
at that impressive magnitude of -3.9 
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Constellation: Gemini northeastern sky after sunset, Shining 
- if that’s the right word to use - at 
just magnitude 18, barely brighter 
laris, the Pole Star, it will be 

oo faint for most people to see with 
the naked eye 
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Constellation: Aries 
Magnitude: 59 

AM/PM: JM 

Uranus will not be rising in the 
until ; 
alrea 


its short spell of relative darkness 
You'll definitely need at least 2 pair of 
binoculars to see if, and even then it 
will just look like 
the ay 
heht from the 


a faint star before 


n washes its faint 
















Constellation: Ophiuchus 
Magnitude: -2.6 

AM/PM: Pl 

The lar lanet in our Solar 
is visible as a blue-white ‘star’ low 
in the southeast as soon as the sky 
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Constellation: Aquanus 
Magnitude: 79 
AM/PM: AM 
Neptune is much tt 
the naked eye 
its small disc, but 
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Antares, brightest star of Scorpius 
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magnification. If you really want to 
tack it down, in mid-June Neptune 
will se in the east at around 01:00, 
and by mid-July will be rising an hour 
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Celebrate Apollo 11's 50th Paci by finding the — 
Eagle's landing site in the most famous sea on the Moon 
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STARGAZER 
Naked eye targets 


The summer Milky Way offers a plethora of targets 








Deneb (Alpha Cygni) 
At magnitude 1.25 Deneb is the 
19th-brightest star in the sky. A 
blue-white supergiant more than 
eee er ke ems 


star. It will become the Pole Star 
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WY Coos a 
Also known as the ‘Great Globular in Hercules’, M13. is 
an enormous cluster of stars 145 light years wide and 
pres ee a see gece 
eee ee licug ea foe gee al ee 
contains around 300,000 _ pi was discovered 
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How to... 


Observe 
noctilucent clouds 


BUC ones b eRe Oa seN (oslo mer i @elbl enemas Cee NN ION MEN O BLES TS 
doesn't mean there's nothing to look at in the night sky. After 
midnight you might see a beautiful sight low in the north 


igh up in the 


You'll need: 


Dark observing site 
with no light pollution 
Clear view to the north 
with a low horizon 
DSLR camera and 
tripod (optional) 
Binoculars (optional) 


“The summer months are the 
only time we can see one of 
nature's most beautiful sights” 


Location, location, location 
Bright displays of NLC can be seen 
from anywhere with a view north, but 
you'll see much more if your northern 
horizon is low and flat. 


A treat for the eyes 

You don’t need any special equipment 
to observe NLC, However, binoculars 
will show you beautiful fine structures 
and detail. 


Use social media 

Many observers past NLC alerts on 
social media, 50 following them on 
Twitter and Facebook will help you 
see displays. 


Be patient 

NLC displays often die down to 
nothing. and it’s tempting to then 
give up and go home, Don't, Many 
displays return much bigger and 
brighter than before! 
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Get the best location >) Look to the north 
You'll see more NLC displays from somewhere with a clear view north / Start to look for nthe north around midnight on clear 
a 45 June and Ju ¥ nights. Be seater to be out all night. 









‘ ) Check put aaa ey /\| Look for streaks above the horizon 
j ften start as faint, wispy gold streaks very low above the 
_ northern horizon. Binoculars will help: 
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[— Look out for brightening 
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Stellar treasures of the 
Archer and Scorpion 


Summer skies are stuffed full of amazing objects for 
your telescope - if you're prepared to stay up late 
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Deep sky challenge, 
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The Northern 
Hemisphere 


Bright- to faint-magnitude targets are on offer this July 
for astronomers armed with the right equipment 


























The constellations of Lyra, Aquila, Hercules, Sagittarius, Scorpius and 
Ophiuchus are in easy reach this month. What's more, these star pattems are 
packed with night-sky objects. Fans of tight-knit globular star clusters should 
turn their attention to Ophiuchus and Hercules, where they will be rewarded 
with sights of stellarrich Messier 10, Messier 12, Messier 13, Messier 14 and 
Messier 92. Meanwhile astrophotographers will get great enjoyment from the 
binary star system Rho Ophiuchi in Ophiuchus, which is surrounded with a 
Ted emission nebula and very impressive light- and dark-brown dust lanes, 
Cygnus is another goldmine, with the Veil Nebula, Fireworks Galaxy and 
the Crescent Nebula being excellent choices for observation in particular 





This chart is for use at 1Opm (BST) 
mid-month and is set for 52° latitude. 


j@ Hold the chart above your 
| Se" head with the bottom of the 
page in front of you. 


Face south and notice 

that north on the chart 

is behind you. 

® The constellations on the chart 
® should now match what you 
see in the sky. 








Sirius (-1.4) 
-0.5 to 0.0 
0.0 to 0.5 
0.5 to 1.0 
LO to 15 
1,5 to 2.0 
2.0 to 2.5 
2.5 to3.0 
3.0 to 3.5 
3.5to4,.0 
4.01045 
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Globular star clusters 


Bright diffuse nebulae 


Planetary nebulae Observer's note: 
The night sky as it 

Galaxies appears on 16 July 2019 at 
approximately 1Opm (BST) 
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The Northern Hemisphere/' 
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Saturn Nebula (NGC 7009) 


Rho Ophiuchi cloud complex 
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Sunderland, UK 
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noctilucent clouds using a Canon 11lOOD 
camera on a 30-second exposure from 
Tee Reema 
when | took this because it really captured 
the detail and colour vibrancy in the display; 
it was an absolutely breathtaking display and 
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Your astrophotography, 





Andy Milner 

King’s Lyn, Norfolk 
Telescope: 
Temi 

Loo fe] eer Oa 
Maksutov-Cassegrain 
See Ee 
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sky, and decided it was about time | got 
a telescope, It's been a great journey 

so far - I've made many friends and 
PU ee R= Ele eel ets ape 

PE etc M Le ee) 
astronomy society and help administrate 
online astronomy forums such as 
Astronomy For Beginners (A4B). 

“My main passion is astrophotography, 
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{'STARGAZER' 
Vixen BT81S-A 


This advanced binocular-design instrument allows you to set your 
sights on the night sky - using both eyes 


Telescope 
advice 


Cost: £799/$1,019 

From: Opticron 

Type: Binocular telescope 
Aperture: 3.19" 

Focal length: 18.90" 


Best for... 
© Intermediate 

o Large budget 

o Planetary viewing 
®) Lunar viewing 

2 Bright deep-sky objects 





Granted, the Vixen BTSiS-A doesn't look like your 
standard te 9e, In our view though, having 
two tubes to observe the universe is a Massive 
plus, given that this telescope binocular doesn't 
you to hunch over a single eyepiece to peer 









the observing 
ne, giving us the option 
of targets from Solar System objects to o the brighte 


capabilit ies of a small 












deep-sky targets such as nebulae and star cl : 
Unpacking the BTS1S-A. we were immediately 


impressed with its quality, which is extremely 
sturdy and boasts resilience for many observing 
sessions. For the price, this binocular telescope 
doesn't come with much in the way of accessories 
Buyers are supplied with two high-quality 25mm 
Vixen NLV se yepie t them started 
with touring the night s it what's really needed 
due to its 41 kilogram ght - is a tpod to 
achieve steady v ing, This essential piece of kit 
along with a find pe, needs to be purchased 
separately to get the m out of the BTSIS-A. 
Thanks to the presence of a versatile Vixen dovetail 
fitting, the binocular b ype can accept either an 
equatorial or an alt-azimuth mount. We also noted 
the carry handle. found at the top of the binocular 
telescope bartels, which improved the instrument 
portability, allo © transport it to a wide 
variety S ; ? ed to be 
invaluable for attac ching the BT&1S-A to a tripod as 
well as unpacking and packing the ci ice away 
after a night of observing. 
Attaching the binocular tel 
equatorial mount, it wasn't long 
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comfortably touring the night sky. Added comfort 
was h 1¢ to the 45-depree angle of the versatile 
L25° eyepiece holders, which are orientated in 
such a way that we didn't need to stoop down - as 
you would with a telescope - in order to study the 
night sky. The eyepiece ho 4 
fit mechanism with a hold » keep 
eyepieces secure. Given the excellent design 
device, we did expect more in the w: 4 ho e 
the eyepieces in place, but since they were secure 
with no slippage or wobbling, this is really just a 
minor point 

The BTBIS-A provides a 
about 3.5 degree 


















wide field of view of 
when used with a pair of 40mm 
eyepi ich we plugged into the ey 
holders. Given the generosity of the field of 
view, we got stuck [nto observing the Messier 
53, a tight ball of light with its member 
§ steady, bright p 
s. Meanwhile, h 
appeared as a ball ‘ 
other elliptic. 





















thick c : 
result we had to wait to take in views of the 
Moon and Venus. 
That evening arrived soon enough, and 
what we saw as soon as we put ou the 
eyepieces was beyond spectacular. The Moon fitted 
comfortably in our field of view and was clear 
and crisp through 10mm eyepieces, with no sign 
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The BTS15-4 
is capable of 
providing 
views of a 
wide selection 
of Solar 
System and 
deep-sky 
objects 


instrument 
employs 

a push-fit 
mechanism 
with a holding 
screw to keep 
1,25" eyepieces 
secure 


Right: 
Thanks toa 
magnesium 
fluoride 
coating on 
the lenses, 
chromatic 
aberration 
was kept toa 
minimum 
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ig over to the ind planet from the Sun 
Venus. we picked up an obvious phase before 
ading over to Jupiter to see if the telescope 

fas giant 
1 ust about 
make out Jupiter's belts and the four tiny points 
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that were the Galilean moons Io, Europa, 
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split int ; y 
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as Very Small discs, we er 





much more When it came to looking at brig 
stars, we did detect a degree of internal reflections 
that led to ghosting 

" are Very impr: 
vould say that it's more geared 


towards astronomers who have been stargazing 








sed with the BTBIS-A 


for a considerable amount of ime. Beginners to 
are better off buying a 
> essentic 
nd finderscor 
by the fact thar you're a’ 
selection of night-sky objects with both eyes, 
definitely recommend the BT 
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“The BT81S-A is more suited to 
wide-field deep-sky objects such as bright 
galaxies, star clusters and double stars” 
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Courtesy of Hama UK and Meade . “— SPACE ANNUAL 
Instruments Ltd, we've got two rp, FOR EVERY 
telescopes and a spotting scope worth 
over £1000 to give CNY 


Meade LightBridge | te 1. In the All About Space 
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Pte PS OR Oso a ae 

This automated and portable 
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Mini telescope 

Sky-Watcher Infinity-76P 

Cost: £45 (approx. $57) 

From: Royal Observatory Greenwich 

Designed to entertain and inspire young minds, 
the Sky-Watcher Infinity 76P telescope is an 

idea pe, especially for children. 
Featuring aspherical technology which is housed 
inside the telescope, this tech is usually reserved 
for larger and more expensive telescopes, The 
puimary mirror is designed to bring in the light rays 
of a common focal plane, resulting in intricate and 
sharp images which are full of detail. 

This grab-and-go instrument features an 
eyepiece with x30 magnification, a 76mm 
diameter parabolic primary mirror and a table- 
top cradle for stable viewing from the comfort 
of your own home 

The telescope is almost teady to go straight from 
the box for even the most impatient, Its intuitive 
manoeuvrability makes it incredibly user friendly to 
explore the universe to your hearts content. 











beginners telesc 


The latest books, apps, software, tech and 
accessories for space and astronomy fans alike 


Book 
Cosmic Discovery 


Cost: £34.99 ($44.35) 

From: Cambridge University Press 

Martin Harwit's influential book. Casmic Discovery, 

is rereleased after more than 35 years, with a new 
preface written by the author. The work chronicles the 
astronomical discoveries up to the late-20th century 
and draws c 





f 1 that major discoveries have often 
been unexpected, unrelated to prevailing astronomical 
theories and made by outsiders from other fields. One 
trend alone seems to prevail: major cis 
Imajor technological innovations in observational 
instruments. The author also examines discovery in 
terms of its political, financial and sociological contexts, 
including the role of industry and the military in 
enabling new technologies and methods of funding 
The challenges encountered in astronomy in the 1980s 
are remarkably similar to those astronomers face today. 
Difficulties persist in controlling recurrent cost overruns 
on planned missions and in confronting mounting costs 
in developing observatories for detecting Btavital ional 
waves, high-energy cosmic rays and particles that might 
explain dark matter. 
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Apollo 11: The Inside Story 
Cost: £15.79 (approx. 420) 
From: [con Bo 
50 years ago in July 1969, Apollo 1 became the first 
manned mission to land on the Moon, and Neil 
Armstrong the first man to step onto its surface 
In the most authoritative book ever written about 
Apollo, David Whitehouse reveals the true drama 
behind the mission, telling th in the word: 
of these whe took part based around exclusive 
interviews with the key players 

This enthralling b us from the early 
rocket pioneers to the s America received from 
the Soviets’ launch of the first satellite, Sputnik; 
from the race to put the first person into space 
through President Kennedy's enthusiasm and later 
stromauts’ intense competition to 
leave the first footprint 

In celebration of the 50th Anniversary, here is the 
story as told by the crew of Apollo Ll and the many 
other astronauts who paved the way or followed 
themselves after the first man to walk on the Moon, 
Neil Armstrong, alongs Aldrin and Michael 
stronauts, engineers, politicians, NASA 
officials, Soviet Tivals - all tell their own sti 
great moment of human achievement 
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Software 
Google Sky 








Cost: Free 
From: Google 
Many of vill have spent hours online on Google 





Maps or Google Earth, perusing satellite imagery 
of our planet or driving down roads all over Earth 
Via Gt $ Camera car, Hi rer, Google hasn't 
only been looking ed up too, and 
the result is Google Sky. Accessible via the Google 
Earth wehs 
augmented-teality capabilities on Android phones, 
Sky lets you wander around the universe 
same manner as Google Earth allows 

you to explore our planet It has different layers, 
including maps of the ellations; deep-space 
imagery from various observatories, inclading the 
Hubble Space ‘Telescope and the Sloan Digital Sky 
Survey; pod 
in the night sky right now; views of the sky acro 
different wavelengths, such as in infrared light; 
and science nd the positions and 
the planets, asteroids and comets w 
Solar System 









ite and downloadable as an app with 
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“Google Sky lets you 
wander around 
the universe” 
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made the headlines, 
but his work in 
physics should not 
be overlooked 










Future PLO Pict 
Boumemeouth, O 





Editorial 





c shots Gemma Lavender 


futureneloom 






ff Vr ter Lee Cavendish 
Producton Editar Nikole Robinson 
Research Editor Balject Panesar 
nior Art Editor Duncan Crook 
Photogmphy Neil Gechwin 
Cantributors 

Stuart 1,¢ 
Rafi ts 
Har 














Cower urmeqpes 
HHT Cercrtion: NASA Tobias Roersch 





Photography 
Alarriy; ES; PSO: NASA Scien 
x, Uni wersity 
eyrights and t 





TAL mora, 











adarmarks are recog 


tor Clare Dove 
dare somegaitunenatcor 

Regione Advertising Deector Mark Winght 
mer kwright@tuturenet.com 

Zccaunt Cimcon Aney Baker 
andy. cakengifuturenetcom 
1225687 S20 
SUNT Manaiper Jagdesp Maan 
pgdeepmaandtutuenet.com 
2256587 353 


Aman dubbed “the father of the 
atomic bomb" also played an 
important role in understanding 
quantum mechanics in the mk 
20th century. He worked alongside 
many of the brightest minds in 
physics and even had the chance to 
manage them in accordance with 
the infamous Manhattan § 
Born Julius Robert Oppenheimer 
on 22 April 1904 in New York City, 
United States, Oppenheimer took 
»and maths f 
yan travelling the wo rid 
‘ ducation. After he 
graduated summa cum laude - Latin 
for ‘with highest honeur’ - from 
Harvard College in Cambridge, 
Massachusetts, he then took off to fa a Ai a 
the United Kingdom to work in the aot Art & Design Greg Wiha het 
Cavendish | 









Internation! Licensing 





Rachal Shaw licensingétftuturenst.com 


Sumeer iptions 
Eernil oncuirins contacttenyievace ite magatinesom ik 











oyect 
enqquiies +44 (07344 843 2852 

= wereny owourtermagad mes. covuk 
Head ofsubsc rations Sharon Todd 


Greuiation 
Head of Newstrade Tim Mathers 





on Mark Constance 

yoda Marege: Clare Soott 

ucton Manager Joanne Crosby 
Editions Controller Jason Hudson 

jon Menage: Frances Twentyman 














Management 
ChiefCoaten Officer Aaron Aaa 





momercia! Fir 








Vile Gibborsé 










aborat at Cambridge Oppenheimer jumped from one 









































University as a research assistant institute to another before settling gravitational waves detection cma ae 
to J, 1. Thomson - a Nobel Prize down between two institutes in between two neutron stars merging London, EF 
laureate in physics. 1929. He divided his time between This signal, known as GWI708P, Rees 
When he found the routine Caltech in Pasadena and the was able to suggest the limit was “ieee 
work in a laboratory to be fairly University of California, Berkeley close to 2.17 solar masses 
mundane, Oppenheimer took to where he would tutor some of the When World War U began 
the Universiry of Gattingen in rising stars in physics Oppenheimer led a team of the 
Germany tudy quantum physics Oppenheimer also took an brightest minds in creating the 
under the tutelage of Max Born and interest in astrophysics, and in first atomic bomb in a study 
Neils Bohr, two iconic figures in particular the nature of neutron vn as the Manhattan Project 



















quantum mechanics. In this time stars - extremely dense stars that d the 
Oppenheimer helped devise the are the leftover cores of much ‘Little Boy’ and Fat y that 
Born-Oppenheimer approximation, larger stars. In the late-1930s, were dropped on Hiroshima and 
which in layman's terms means it enheimer and his colleagues Nagasaki in Japan respectively, This 





parate deduced the Tolman-Oppenheimer- ef 








is theoretically possible to s ‘tively ended World War II as it 
an electron from atomic nuclei, Volkoff limit. This is an upper rced Japan to surrender. 
and vice versa - a thought that is mass limit for stars made up of Although Oppenheimer's life 









mn knowledge now, but was neutron-degenerate stars - in this and work afterwar rere largely 
at the time. Afterwards case neutron stars. This limit even dominated by private and political 
issues, he was still able to release 
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in gener al. He n received the Enrico 


in particular the nature of Fermi Award in 1963 before pas: 


away due to throat cancer on 18 


neutron stars” February 1967 


98 









nce 





esecuth© Zlsh yng Thome 
. Richard Hussingrtond 
arctal ollicer Penny Lackin-Btared 











(px 1) Regulcted | 


farcncemmemmnemscah 





USS 
TO THE BATHROOM? 


PROMOTES PROSTATE HEALTH 








GET RELIEF FROM 
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Patented Formula 





(C5 PROSTAUROL.CO.UK @) 01245672050 


= Sytican” 200 Da wahaes Total 10,000. Object 
Coop 0, inc luding Mes sier, NGC 
Os, Named 
ypstem ofyeacts 
n Moos (Uniemitec bject 5 when 
party planetarium software) 


© Aap Alignment Mo thod: Brightest Star 
Alevanent North-Level Alignment 
= SynScan™ Aop's Other Features: Tonight's Best 
Sky Tour, Point and Go with a mobile device 
dentification of C la yacts, Remote contre 
over internet, Usar defined objects, Pointing 
Accuracy Enhancement (PAE) 





These telescopes have been designed to be controlled wirelessly with your Smartphone or Tablet, using the free SynScan™ App for 10S or 
Android. The mounts create thelr very own WI-Fi network, so the mount can be used anywhere, without any reliance on other Wi-Fi networks. 
After entering your coordinates into the App and following a simple alignment procedure, you are ready to explore the universe using the App’s 
intuitive touchscreen menu. The SynScan™ App provides tull computerised GO-TO control, allowing your telescope to be automatically siewed 
to any one of the objects in the App's extensive database of 10,000+ celestial objects. The AZ-GTI and Star Discovery mounts incorporate 
Freedom-Find™ dual-encoders, allowing them to be moved manually without losing their alignment or positional information. 
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BECAUSE R URC Full product details at 
www.opticalvision.co.uk 
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